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Abstract 

Aim: The current study aimed to identify the toxic effects of oral ingestion of different doses of silver oxide nanoparticle, for 21 days, on the liver, kidney and 
muscle tissues of mice by histopathological examination. 

Materials and Methods: The nanoparticles of silver oxide (30 -70 nm in diameter) were prepared by physical methods and administered orally to 3 experimen- 
tal groups of BALB/c mice in the strength of 250, 375, and 500 mg/kg, respectively for 21 days. Liver, kidney, and muscle tissue specimens from control and 
nanoparticles exposed groups have been collected for histopathological evaluation. 

Results: The liver and kidney tissue of the mice fed with 500 mg/kg of silver nanoparticles revealed portal inflammation in the liver tissue and mild interstitial 
inflammation in the renal tissue. There is no histopathological evidence of any toxic effects in the other groups The muscle tissue from all experimental groups 
is unremarkable. 

Discussion: The dose, size of nanoparticles, duration, the route of exposure and limiting factors for nanoparticles induced toxic effects. Hence further studies 
with different variables regarding the nanoparticles exposure will be helpful for a better understanding of toxicity caused by nanoparticles. 
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Introduction 

Nanotechnology is a rapidly growing field of science that is rev- 
olutionizing today’s medical and industrial applications. Silver 
nanoparticles represent around 25% of all nanoproducts with 
wide diagnostic and therapeutic applications as wound heal- 
ing and arthritic pain [1]. The extensive research in the field of 
nanoscience in the current decades revealed that nanoparticles 
of many chemicals yielded antibacterial, antiviral, antifungal 
and antiparasitic properties [2,3]. The antimicrobial action of 
the silver nanoparticles depends upon the size as well as the 
surface area of these nanoparticles [4]. It has been documented 
in the scientific literature that the polylactic acid porous fibers 
with silver ions are quite useful for the dressing of wounds due 
to their effective antimicrobial activity [5-7]. Silver nanopar- 
ticles have been found to have very potent antimicrobial ac- 
tions against the certain dental bacterial strains [8]. Silver 
nanoparticles prepared from the Erythrina indica exhibited po- 
tent antibacterial activity. In addition, these nanoparticles were 
used in some industrial applications as textile fabrics, cosmetic 
products, antiseptic as well as a preservative to treat dermal 
problems. 

There has been extensive advancement in the development and 
application of nanoparticles in various fields including medi- 
cine. One of the major challenges regarding the use of nanopar- 
ticles is the assessment of biological safety associated with the 
use of these particles [9]. Different in-vitro cytotoxicity’s as- 
says have reported the Cytotoxic and genotoxic effects of silver 
nanoparticles using different models including liver cells HepG2 
cells [10], retinal endothelial cells [11], breast cancer cells MCF- 
7 [12 ] cervical cancer cells HeLa and lymphoma cells U937 [13] 
Another study showed that the silver nanoparticles prepared 
by actinomycetes HGG 16n strain are an effective antibacte- 
rial agent. These cell line studies data had reported different 
underlying cytotoxic mechanisms that are induced by the tested 
nanoparticles including inflammatory responses, impairment of 
the cell membrane, oxidative stress, cell cycle arrest, chromo- 
some aberration, DNA damage and genotoxicity, and apopto- 
sis [10-14]. The silver nanoparticles exposure can induce the 
changes of cell shape, reduce cell viability, enhances the release 
of lactate dehydrogenase enzyme so resulting in cell apoptosis 
or necrosis [14,15] 

In vivo, after the absorption, the metallic nanoparticle which 
includes silver, gold, zinc, titanium and iron etc, accumulates 
mainly in the liver, spleen and lymph nodes because of reticu- 
loendothelial uptake but may be distributed in the whole body 
[16]. Hence, the aim of the present study is to assess the histo- 
pathological evidence of untoward toxicities on the livers, kid- 
neys, and muscles of silver oxides nanoparticles treated mice. 


Material and Methods 

Production of silver oxide nanoparticles 

Silver oxide nanoparticles were synthesized by preparing two 
solutions in deionized water which were as follows: The first 
solution contained 100 mM of AgNO3 while the second solu- 
tion contained 100 mM of Sodium borohydride. Sodium boro- 
hydride solution was added into silver nitrate solution drop by 
drop using air as a medium under vigorous stirring by using a 
magnetic stirrer. The reaction was stopped when the pH 11 was 


achieved. The mixture obtained was filtered and washed sev- 
eral times with distilled water. The mixture obtained was cal- 
cined at 300°C for 2 hours. Using pestle and mortar the powder 
obtained was ground until it became homogeneous apparently 
[17]. These synthesized nanoparticles were subjected to various 
characterization techniques such as Scanning electron micro- 
scope (SEM) and Energy-dispersive X-ray spectroscopy (EDS) 
and X-ray diffraction analysis (XRD). 

Group formation 

This study was conducted after receiving the ethical approval 
of the research project from the International Islamic university 
ethical committee. 

The BALB/c mice are segregated into four groups (A, B, C and 
D). The animals which were fed with a diet without silver oxide 
nanoparticles comprised in Group A which was a control group. 
The Group B mice were fed with the diet containing 250 mg/kg 
body weight, silver oxide nanoparticles and Group C were mice 
fed with diet containing 375 mg/kg body weight silver oxide 
nanoparticles while Group D mice were fed with diet containing 
500 mg/kg body weight silver oxide nanoparticles. 
Histopathological examination of specimens 

After three weeks of oral administration of silver oxide nanopar- 
ticles in the experimental groups, the liver, kidney, and muscle 
tissue specimens from all groups of animals have been exam- 
ined microscopically for the assessment of any morphological 
alteration due to the toxicity. The liver tissue was evaluated 
for any alteration in the liver architecture and for any evidence 
of inflammation, necrosis, apoptosis, and fibrosis. In the renal 
tissue, the glomeruli, tubules, interstitium, and blood vessels 
have been evaluated histopathologically for any morphologi- 
cal alterations and similarly, the muscle tissue was assessed 
for any degenerative changes. The acquired specimens from 
liver, kidney and muscle tissue are processed in an automated 
tissue processor after fixation in 10% buffered formalin. After 
completing the tissue processing, the tissues are embedded in 
paraffin wax and tissue blocks were prepared. Three to four 
micron thick sections have been cut from these tissue blocks 
and stained with hematoxylin and eosin. The slides from the 
liver, kidney and muscle tissue have been examined by two his- 
topathologists [18]. 


Results 

Characterization of synthesized silver oxide NPs 

Some peaks at the 26 of x-axis at different Bragg angles were 
observed for the Silver oxide NPs XRD analysis [Figure 1A]. The 
synthesized nanoparticle was indicated but the highest peak 
was around the 2 6 of 38.1538°. Using the Debye-Scherrer 
equation for average size calculation, it was observed that the 
nanoparticles have an average size around 40 nm. 

Scanning electron microscopy of silver oxide NPs showed that 
the synthesized nanoparticles articles are in nano range but ag- 
glomerated as can be observed in Figure 1B. These nanopar- 
ticles were slightly spherical in shape and were highly packed 
with each other. Diameter measurement showed that the diam- 
eter of these particles ranged between 30 nm to 70 nm. 

EDX spectroscopy of silver oxide NPs showed that the silver and 
oxygen were present in acceptable amounts. Traces of chloride 
and carbon were also observed (Figure 1(C). 
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Figure 1. A: X-ray diffraction pattern of synthesized silver 
oxide nanoparticles. B: Scanning Electron Microscope (SEM) 
Image of synthesized Silver oxide nanoparticle. C: Energy Dis- 
persive X-ray Spectroscopy pattern of synthesized Silver Oxide 
nanoparticles 


Histopathological evaluation 

The hematoxylin and eosin-stained slides prepared from the 
liver tissue specimens of these four groups of mice have been 
evaluated for the presence of any histopathological abnormali- 
ties in the liver such as hepatocyte balloon degeneration, necro- 
sis, apoptosis, infiltrate of inflammatory cells in portal tract and 
lobule and fibrosis. The sections liver tissues of mice (Group D) 
fed with 500 mg/kg of silver oxide nanoparticles revealed mild 
portal inflammation while the sections of liver tissues from oth- 
er groups (control (A) and experimental group B and C) revealed 
no significant histopathological abnormality (Figures 2A, 2B). 
The sections from the renal tissue of mice of Group D showed 
mild inflammatory cellular infiltrate in the interstitium while 
other renal tissues obtained from other groups (A, B, C) were 
histopathologically unremarkable (Figures 2C, 2D). The muscle 
tissue of mice obtained from all four groups revealed no evi- 
dence of any morphological abnormality. 


Discussion 

Nano-science is a rapidly developing field of science with prom- 
ising medical and industrial applications. The important route 
of entry of nanoparticles in the human being is oral ingestion, 
inhalation, and skin. After absorption from these routes, the 
nanoparticles may circulate in the blood and may accumulate in 
different tissues and organs. The higher level of accumulation 
of metallic nanoparticles occurs in the liver which makes the 
liver the most susceptible to the toxic effects of nanoparticles 
[19]. The liver has also got vital importance in the process of 
detoxification of exogenous substances. Similarly, the kidney is 
also a very vital organ which is related to the elimination of 
waste products from the body and it plays an important role in 
the clearance of the nanoparticles from the body [20]. During 
this process, the kidneys may be affected by the nanoparticles. 
The current study investigated the effect of daily exposure of 
mice to silver nanoparticles (30-70 nm in size) for 3 weeks in 
the concentration range of 250-500 mg/kg followed by histo- 
pathological evaluation of toxic effects on the liver, kidney and 
muscle tissues. The smaller dosage (250-375 mg/kg) of silver 
oxide nanoparticles revealed no histopathological abnormality 
while the higher dosage of nanoparticles (500 mg/kg) revealed 
mild inflammatory cellular infiltrate in the portal tracts of liver 
tissue and mild interstitial inflammation in the renal tissues. 
This observed inflammatory reaction is in accordance with Cha 
et al. (2008) [21], who reported lymphocytes infiltration in livers 
of male balb/c mice 3 days after exposure treated with 13 nm 
silver nanoparticles (single dose of 2.5 g directly to their stom- 
ach). This inflammation was explained by the nanoparticles 
induced expression of the inflammatory genes in the treated 
mice. 

Also, the current data regarding silver nanoparticles hepatic 
and nephrotoxicity are in accordance with the results of the 
study conducted on Sprague-Dawley rats by Wen H et al. (2017) 
which showed that a single intravenous administration of Silver 
nanoparticles (containing Ag nanoparticles and released Ag+, 
5 mg/kg) silver nanoparticles caused extensive damage in the 
liver, kidney, thymus, and spleen without marked effect on lungs 
and hearts. Their data showed degeneration, necrosis and hem- 
orrhages in the liver and hyaline degenerations in the epithelial 
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Figure 2. A: Liver tissue with no significant histopathological changes in mice ingested 250 and 375 mg/kg daily for 21 days (H&E 
x 100). B: Liver tissue exhibiting portal inflammation after oral exposure to 500 mg/kg of silver oxide nanoparticle for 21 days 


yellow arrow (H&E x 200). 
daily for 21 days (H&E x 100). 
nanoparticle for 21 days (yellow arrows) (H&E x 400). 


cells of renal tubules [22]. The morphological alterations in the 
study by Wen H et al. are different from our study which may 
be attributed to the different mode of administration and du- 
ration exposure of silver nanoparticles. In our study, the mode 
of administration is oral and the duration of exposure is three 
weeks. Against Wen data, acute lung toxicity and cardiac isch- 
emic perfusion injuries were reported in Male Sprague-Dawley 
rats that were exposed to intratracheal instillation of 200 pg of 
20 or 110 nm polyvinylpyrrolidone (PVP) or citrate capped AgNP 
[23]. These discrepancies in data highlight the role of route of 
administration and dosage of nanoparticles as limiting factors 
for their toxic effects. 

In another study which was carried out by Roda E et al, they re- 
vealed that the intratracheal administration of silver nanopar- 
ticles (50 pg/rat) caused morphological changes in the glom- 
eruli of rat [24]. They observed that the glomeruli of the rat 
after exposure to silver nanoparticles showed Bowman capsule 
enlargement with shrinkage of mesangial cells and glomerular 
capillaries along with edema and interstitial micro-hemorrhag- 
es. These alterations in the renal glomeruli were observed at 
day 7 and persisted for 28 days post-exposure. 

A study published by Gherkhbolagh MH et al revealed that sig- 
nificant histological abnormality was detected in the renal tis- 
sue of rats which were given 30, 125, 300, and 700 mg/kg of 
silver nanoparticle (200-300 nm) orally for 28 days. The group 
of 700 mg/kg concentration showed more necrosis and con- 
gestion while the 30 mg/kg concentrations show significantly 
lower numbers of the glomerular mesangial cells, while no in- 
flammatory cells were reported with all studied concentrations 
[25]. These findings are contrary to our observations as in our 


C: Kidney tissue with no significant histopathological changes in mice ingested 250 and 375 mg/kg 
D: Kidney tissue exhibiting interstitial inflammation after exposure to 500 mg/kg of silver oxide 


study, as the inflammatory cells were the main finding in our 
treated animals. 

The current data are important as they show that daily pro- 
longed oral exposure to silver nanoparticles (30-70 nm in size) 
can be hepatotoxic and nephrotoxic. Secondly, the distribution 
of nanoparticles is limiting factors for the site of their toxic 
effect, so Liver and kidney are affected with the silver nanopar- 
ticles while the muscles are spared as they are not main sites 
for toxicants distribution. Thirdly, the data support the con- 
clusion that the dose, route on administration and size of the 
particles are main limiting factors for their toxic effect. Hence 
other studies using the different concentration and routes are 
of value and more meticulous data are required regarding the 
biohazard of the nanoparticles on different tissues and organs 
with respect to the size, dose and route of administration of the 
silver nanoparticles in terms of patient safety. 


Conclusion 

The dose, route, size of nanoparticles and durations of exposure 
are limiting factors for the toxic effect of the nanoparticles. 
Liver and kidney are major targets for nanoparticles toxicity 
in cases of oral exposure as they are main sites of their distri- 
bution. Any data regarding the toxicity of nanoparticles with 
different dose, route, size of nanoparticles and durations of ex- 
posure will contribute to better understanding of the safe use 
of these nanoparticles. 
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